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Abstract 
To predict and analyze accurately the lubrication characteristics and its influencing factors of marine sterntube 
bearings, coupling simulation between EHD and MBD for sterntube bearings of marine diesel engine propulsion 
system was carried out. FE models for crankshaft and main bearings of a two-stroke low-speed marine diesel engine, 
intermediate shaft, tailshaft, intermediate bearings and sterntube bearings of a chemical carrier were established, and 
the results files generated from reduced FE models by employing substructure methods were entered into MBD 
model. Sterntube bearing forces, load distribution, orbital path, minimum oil film thickness(MOFT) and total friction 
power loss on fore sterntube bearing and aft sterntube bearing in one working cycle under rated working conditions 
were investigated. Simulation results show that the sterntube bearings were safe enough for normal operation, the 
vertical load and the total friction power loss on aft sterntube bearing were significantly higher than that of fore 
sterntube bearing. 
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1. Introduction 
The development of marine diesel engine propulsion plant was high-power, low-speed and compact 
structure, and hence the bearings were required to work normally under smaller size, higher load and 
thinner oil film conditions. In recent years, coupling simulations between EHD and nonlinear MBD were 
carried out to dynamically-loaded bearings of marine diesel engine [1-5]. Marine sterntube bearing was 
an important portion of marine propulsion plant, its reliability and life span were related to the safe 
operation of ships and operational costs. At present, sterntube bearings onboard merchant ships were 
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mainly lubricated by oil, the damaged shaft seals would bring about marine pollution. Under dynamic 
working conditions, the unbalance of the shafting’s rotation would result in the fluctuating load on 
sterntube bearings. Especially due to the stress state of tailshaft aft end in the cantilever beam, load 
distribution along the axis was uneven and easily led to local wear, and sterntube shaft seals were easily 
damaged. The lubrication analysis of sterntube bearings was mainly based on independent sterntube 
bearings and ignored the influences of the whole propulsion system [6]. However, the tailshaft-hull 
dynamic interaction was a complex system problem due to the nonlinear coupling of the shafting exible 
body dynamics, hull exible body dynamics, and oil film of sterntube bearings. The elastohydrodynamic 
lubrication characteristics of sterntube bearings were often modeled using various simplifying 
assumptions in order to avoid a prohibitively high computational [1, 3]. Employing FE method due to its 
exibility in modeling complex geometries and nonlinear MBD method, based on the complex system 
composed of flexible shafting, flexible supports and nonlinear oil film, the coupling analysis of dynamics 
behavior and tribology behavior of sterntube bearings has been investigated in this paper. 
2. Methods 
The forces acting on the elastic bodies were connected by a type of EHD joint. EHD methods were 
based on the solution of the average Reynolds equation. These forces were calculated by integrating the 
oil film pressure in the clearance between shaft journals and bearings. The oil film pressure was 
determined by solving the average Reynolds equation with a mass conserving cavitation model in the 
bearing fixed coordinate system given by[7,8]. 
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Where, Φx and Φz are pressure flow factor at x and z direction; Φs is shear flow factor; θ  is mean fill 
ratio; p  is mean(expected) pressure; η is oil viscosity; h is nominal clearance height between journal and 
bearing; Th  is average clearance height; u1 and u2 are circumferential velocity of the journal and bearing 
surface; σs is the composite height standard deviation, 
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1 σσσ +=s , σ1 and σ2 are standard deviation 
of clearance height at journal and bearing surface; t is time; x and z are coordinates in circumferential and 
axial direction. 
Boundary conditions: at bearing edges, z=±B/2, p=0, here, B is the bearing width; oil supply region, 
p=psup; lubrication region, p>0, θ=1; cavitation region, p=0, 0<θ<1. 
Reynolds equation was solved for pressure p in the lubrication region and fill ratio θ in the cavitation 
region. The fill ratio served to model the cavitation effects and was dened as the fraction of volume lled 
with oil to the total volume. Bearing deformation due to the oil lm pressure was considered by the linear 
dynamic equation system obtained from the finite element method discretization of the bearing. This 
equation was solved by means of the implicit time integration method [9-11]. 
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Where, M is the mass matrix, D is damping matrix, K is stiffness matrix, f is the nodal force acting on the 
oil film and xB is the bearing deformation. The structural matrices are subsequently condensed to the 
radial degrees of freedom of the nodes lying at the inner bearing surface.  
The motion of the journal was determined by the equation of the journal subjected to external and 
inertia forces. 
AJJ ffxm +=⋅  (3)
Where, m is the journal mass, xJ is the journal position, fJ is the oil film force acting on the journal, fA is 
the outer force acting on the journal. 
3. Modeling
The MBD model was established based on the crankshaft system of 6S50MC diesel engine and the 
propulsion shafting of a 39000 deadweight tonnage chemical carrier. The basic model parameters were 
shown in table 1. 
Table 1 Basic parameters of full shafting 
Parameter Value Parameter Value 
Engine type 2-stroke Mass of propeller/kg 12550 
Firing order 1-5-3-4-2-6 Moment of inertia of propeller/kgm2 16050 
Rated speed/r·min-1 127 Length of crankshaft/mm 6759 
Cylinder bore/mm 500 Length of intermediate shaft/mm 8630 
Stroke/mm 2000 Length of tailshaft/mm 6260 
Diameter of main bearing/mm 600 Diameter of intermediate shaft/mm 425 
Width of main bearing/mm 192 Width of intermediate bearing/mm 312 
Mass of piston assembly/kg 2002 Diameter of fore sterntube bearing/mm 517 
Mass of connecting rod/kg 1413 Width of fore sterntube bearing/mm 540 
Mass of flywheel/kg 8447 Diameter of aft sterntube bearing/mm 515 
Moment of inertia of flywheel/kgm2 10010 Width of aft sterntube bearing/mm 1060 
 
The engine block and the hull were taken as rigid body, and main bearings, intermediate bearing, fore 
sterntube bearing and aft sterntube bearing were intercepted from the engine block and the hull and taken 
as flexible body. Flexible crankshaft, flexible intermediate shaft, flexible tailshaft, flexible main bearing, 
flexible intermediate bearing, flexible sterntube bearings solid models were created and pretreated in 
ANSYS finite element analysis software. The solid models were meshed by solid45 unit, and oil holes and 
journal fillets were further remeshed to reduce errors. Substructure method was employed and reduced FE 
models of full shafting, fore sterntube bearing and aft sterntube bearing were shown in figure 1 to figure 3. 
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Fig.1 Reduced FE model of full shafting 
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Fig.2 Reduced FE model of fore sterntube bearing Fig.3 Reduced FE model of aft sterntube bearing 
Main degree of freedom (DOF) nodes were defined on crankshaft journals, crankpins, thrust collar, 
intermediate shaft and tailshaft, and distributed uniformly in the bearing width and coupled with main 
DOF nodes of bearings. Each node had six DOFs, i.e., UX, UY, UZ, ROTX, ROTY, ROTZ. 
Corresponding to shaft journals, each of the bearing shells was defined axial and circumferential main 
DOF nodes, each node had three DOFs, i.e., UX, UY, UZ, and three rotational DOFs were constrained. In 
addition, the lower halves of main bearings were imposed rigid constraints and intermediate bearing and 
sterntube bearings were imposed mount constraints. 
Main DOF files, geometry files, mass and stiffness matrix, element (stiffness) matrix generated from 
reduced FE models were entered into AVL Excite MBD model. Various body elements were coupled by 
piston liner, rotary bearings, radial bearings, thrust bearings and other nonlinear couplings. 
4. Results 
The horizontal load and the vertical load on fore sterntube bearing and aft sterntube bearing were 
shown in figure 4 and figure 5. The horizontal loads on sterntube bearings were very small, but the mean 
vertical load, especially on aft sterntube bearing, was up to -256.13kN due to the gravity of the propeller. 
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Fig.4 Horizontal and vertical load on fore sterntube bearing Fig.5 Horizontal and vertical load on aft sterntube bearing 
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Fig.6 The vertical load distribution on fore sterntube bearing Fig.7 The vertical load distribution on aft sterntube bearing 
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Nine rows of main DOF nodes were defined on fore sterntube bearing and aft sterntube bearing 
respectively, distributed uniformly in the bearing width and coupled with corresponding main DOF nodes 
on tailshaft journal. The vertical loads of each row of main DOF nodes on fore sterntube bearing and aft 
sterntube bearing were shown in figure 6 and figure 7. 
The orbital paths in one working cycle of fore sterntube bearing and aft sterntube bearing were shown 
in figure 8 and figure 9. The orbital path alternated in a small scope at left region of sterntube bearing, and 
the orbital path of fore sterntube bearing pulsated significantly but evenly for aft sterntube bearing. The 
orbital paths were not on a same axis, so we can infer that the tailshaft was bending due to the gravity of 
shafting and propeller. Therefore, when the lubrication characteristics of sterntube bearing were discussed, 
it was not accurate that the shafting journals and bearings were assumed as rigid. 
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Fig.8 The orbital path of fore sterntube bearing Fig.9 The orbital path of aft sterntube bearing 
 
The MOFT and the total friction power loss in one working cycle of fore sterntube bearing and aft 
sterntube bearing were shown in figure 10 and figure 11. The minimum oil film thickness and the total 
friction power loss alternated evenly in one working cycle. The MOFT of aft sterntube bearing was more 
than 98.49μm and smaller than that of fore sterntube bearing. However, both of them were thick enough 
for safe operation of sterntube bearing. The mean total friction power loss of aft sterntube bearing was 
5.44kW and higher than that of fore sterntube bearing. 
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Fig.10 The MOFT of fore and aft sterntube bearing Fig.11 The  friction power loss of fore and aft sterntube bearing
5. Conclusions 
Coupling analysis between EHD and MBD is an effective method to investigate the lubrication 
characteristics of marine sterntube bearings. Based on full propulsion shafting that means taking into 
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account the influence of marine diesel engine, intermediate shafting and propeller, but not just the 
independent journal-bearing, the simulation results could really reflected the lubrication characteristics of 
marine sterntube bearings.  
The mean vertical force on aft sterntube bearing was up to 256.13kN. The vertical forces and the load 
distribution on fore sterntube bearing and aft sterntube bearing show that the shafting was bending 
significantly due to the influence of the propeller. Therefore, the investigation on the lubrication 
characteristics of marine sterntube bearings couldn’t be based on rigid journal-bearing. The orbital path of 
fore sterntube bearing pulsated significantly and the eccentricity was greater than that of aft sterntube 
bearing, but both of them alternated in a small scope. The MOFT of aft sterntube bearing was thin and the 
total friction power loss of aft sterntube bearing was higher than that of fore sterntube bearing. Therefore, 
the aft sterntube bearing should be paid more attention during research and develop. 
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